ference in patients with endometrial atrophy and atypical hyperplasia. Patients who had an endometrial thickness of 1 5 mm had a significantly higher prevalence of atypical hyperplasia (p = 0.003) and polyps (p = 0.041). The sensitivity, specificity, positive predictive and negative predictive values of TVU were 63.3, 28.57, 25.67 and 66.66%, respectively. Conclusion: Our study showed a discrepancy between TVU and endometrial biopsy findings, due to the specific histology of the endometrium in breast cancer patients using tamoxifen. Due to this discrepancy, TVU alone is not an effective screening test for endometrial pathology and its application alone might lead to an undesirably high frequency of invasive diagnostic procedures.
Introduction
The nonsteroidal antiestrogen tamoxifen has been shown to be a very effective drug in the adjuvant treatment of hormone-sensitive invasive [1] and noninvasive [2] breast cancer. Moreover, data from the National Surgical Adjuvant Breast and Bowel Project P1 Study [3] support the effectiveness of tamoxifen in the reduction of the risk of breast cancer in high-risk individuals. In October 1998, tamoxifen was approved for this indication in the United States. However, tamoxifen has estrogenic side effects in different organs. One of these estrogen-like side effects results in endometrial proliferation together with the possibility of a development of polyps, hyperplasia and a 2-4 times higher risk of endometrial cancer compared to postmenopausal women not taking tamoxifen [3, 4] .
Transvaginal ultrasonography (TVU) is a well-established method for measuring endometrial thickness in otherwise healthy women with postmenopausal bleeding [5] . Most researchers recommend a cutoff value for the thickness of the endometrial double layer of 4-5 mm. Below this value, the risk of endometrial carcinoma is negligible [6] . In asymptomatic postmenopausal women, TVU has not been adequately evaluated as a screening tool for endometrial cancer [7] .
In postmenopausal patients with breast cancer, tamoxifen treatment is frequently associated with the presence of an increased endometrial thickness on TVU, often with an abnormal sonographic appearance of irregular echogenicity suspicious for polyps, hyperplasia, or carcinoma [8] . Investigators have, however, noted a discordance between sonographic and hysteroscopic and histologic endometrial findings in 45-90% of these patients [9] . The previously described cutoff value for endometrial thickness in postmenopausal women does not seem to apply to this group. Several authors have, nevertheless, recommended annual screening for endometrial pathology in tamoxifen-treated breast cancer patients with TVU using the standard cutoff criteria [8, 9] . Therefore, the present study was performed to analyze the relationship between TVU and endometrial histology in breast cancer patients on tamoxifen.
Subjects and Methods
A prospective cohort observational study was performed from December 2004 through December 2006 in the Shiraz University Outpatient Clinics, Shiraz, Iran. 107 consecutive postmenopausal breast cancer patients were enrolled in this study. The detailed characteristics of the study population are listed in table 1 . 62 patients had a moderate income and 33 primary school education. 22 were smokers and 89 were married. 24 had a history of breast cancer in first-degree family members. The tumor was right-sided in 56 patients; in 49, the tumor size was between 2 and 5 cm, and the tumor was moderately differentiated in 58 patients. In 36 patients, metastasis was mostly to the lungs. The study was approved by the Shiraz University of Medical Sciences Ethics Committee. Breast cancer patients taking tamoxifen who had been amenorrheic at least for 1 year and had estradiol levels of less than 0.10 nmol/l were included. Exclusion criteria were a history of endometrial pathologies including cancer or hyperplasia, a prior history of any gynecologic malignancy, an endometrial thickness of more than 5 mm at baseline TVU, a history of deep vein thrombosis, pulmonary emboli or pulmonary edema, collagen vascular diseases, thrombocytopenic (platelet count ! 100,000/ l) or leukopenic (white blood cell count ! 4,000/ l), and discontinuance of the treatment for any reason (developing side effects, lost to follow-up, etc.).
Endometrial thickness was defined as the width of the combined thickness of the anterior and posterior sides of the endometrium taken on a longitudinal plane using an ultrasound machine with a transvaginal probe of 5.0 MHz. The TVU was performed in lithotomy position with an empty bladder. In all patients, a routine TVU examination of the endometrium was performed twice: prior to starting tamoxifen treatment and 1 year after taking tamoxifen. Both baseline and follow-up ultrasonography were performed by the same gynecologist. All patients underwent an endometrial bi- opsy at the same time as when the second TVU was performed. Normal TVU values were considered to be 4-5 mm for the postmenopausal phase. The ultrasonic appearance of the endometrium was classified as normal ( ^ 5 mm), abnormal ( 1 5 mm), or suspicious for polyps. Sixteen patients who had abnormal baseline sonographic findings were evaluated by endometrial biopsy and excluded from the study. The performance characteristics were calculated with correlation to the endometrial histological findings. Neither the gynecologist nor the pathologist knew about the results. The patients were divided into symptomatic (group A) and asymptomatic (group B) groups, according to their positive or negative history of abnormal vaginal bleeding. The symptomatic patients (group A) were 31 with a mean age of 50.97 8 5.6 years (range: 41-62 years), while the asymptomatic were 76, with a mean age of 50.76 8 8.2 years (range: 43-71 years). The pathology of the endometrium was considered as the gold standard for the diagnosis of endometrium abnormalities. The sensitivity, specificity, positive predictive value and negative predictive value of TVU were calculated on the basis of pathologic reports.
Endometrial tissue was fixed in 10% buffered formalin and processed routinely for paraffin embedding. Three-micrometer sections were cut and stained with hematoxylin and eosin, and the slides were examined microscopically. The endometrial mucosa composed of epithelial glands as well as endometrial stromal fibroblasts, the epithelium and stroma were separately described by the pathologist. The histopathologic findings were divided into atrophy, atypical hyperplasia, simple hyperplasia, endometrial polyps with or without hyperplasia, and endometrial carcinoma [10] . An adequate sample was defined as 1 or more pieces of endometrium large enough to determine the gland-to-stroma ratio and endometrial morphological features, and an inadequate sample was defined as consisting only of blood or cervical mucus with fragments of benign endocervix, or a large amount of blood with only small fragments of endometrial glands and stroma [11] .
Statistical Analysis
All statistical analyses were performed with the Statistical Package for Social Sciences version 13.0 (SPSS Inc., Chicago, Ill., USA). The results are expressed as mean value 8 standard deviation (SD). The 2 test or Fisher's exact test was applied for comparison between frequencies. The independent-sample t test was used to compare means between groups. Paired Student t tests were used to compare the endometrial thickness before and after taking tamoxifen. All tests were two-sided. The level of significance was set at p ! 0.05.
Results
The symptomatic patients (group A) were 31 (29%) with a mean age of 50.97 8 5.6 years (range: 41-62 years), while the asymptomatic (group B) were 76 (71%) with a mean age of 50.76 8 8. The findings of the pathology 12 months after tamoxifen therapy are given in table 3 . In both groups, atrophic endometria were found in 77 patients (71.96%), atypical hyperplasia in 21 (19.62%), polyps in 7 (6.54%), hyperplastic polyps in 1 (0.93%) and simple hyperplasia in 1 (0.93%). No endometrial carcinoma was detected in any patient. Only patients with atrophy and atypical hyperplasia showed statistically significant differences between the symptomatic and asymptomatic patients ( table 3 ). The pathologic findings in patients with and without evidence of abnormal endometrial thickening on ultrasound are given in table 4 . Approximately 70% of the significant changes consisted of benign polyps ( table 4 ) . Only patients with atypical hyperplasia and polyps showed a statistically significant difference between an endometrial thickness less than or greater than 5 mm ( table 4 ). Of the 107 patients, 74 patients (69.1%) had abnormal findings on the TVU examination, and 19 of the 74 patients had positive pathologic findings (positive predictive value = 25.67%). Thirty-three patients showed normal findings on the TVU examination, and 22 of them had normal pathology (negative predictive value = 66.6%). However, 11 of the 33 patients with normal TVU examinations had pathologic abnormalities. The sensitivity and specificity of TVU for predicting the endometrial pathology were 63.3 and 28.57%, respectively. The false-negative cases included 9 atypical hyperplasias and 2 small polyps less than 5 mm in size. The 55 false-positive lesions demonstrated a focal thickening of the endometrium, and they included 52 atrophic endometria, 2 endometrial polyps and 1 diffuse thickening.
Discussion
TVU has been the modality of choice for the evaluation of the endometrium during the last two decades; as such, it is widely used for a more thorough evaluation of endometrial lesions [12, 13] . Some investigators have attempted to assess the diagnostic value of TVU examination by correlating and comparing it with pathologic and hysteroscopic findings [14] . In this study, tamoxifen therapy caused the endometrial thickness to increase significantly after one year. The respective sensitivity and specificity of 63.3 and 28.6% in predicting endometrial pathologies confirmed results of previous studies [15] [16] [17] that TVU is a poor diagnostic screening technique because of its high false-positive rate. Previous reports showed that the combination of TVU and hysteroscopic examination is a more accurate and cost-effective method than hysteroscopy with biopsy [12, 13] . The sensitivity and specificity of hysteroscopic examination have been reported to be as high as 85-91 and 83-100%, respectively [12] [13] [14] .
The short-term (one-year) tamoxifen therapy led to the development of endometrial pathologies that included atypical hyperplasia, polyps, hyperplastic polyps and simple hyperplasia; endometrial atrophy was most prevalent, probably due to our study population (all of them were postmenopausal). Further, none of our patients developed endometrial carcinoma, thereby indicating a high rate of benign endometrial lesions (28.1%) and a low rate of malignant ones in short-course tamoxifen therapy. Equally, the explanation for the high rate of benign endometrial lesions and the small number of endometrial cancers in long-term tamoxifen users could be that most lesions, traditionally held as premalignant, rarely evolved into endometrial cancers. Furthermore, endometrial cancer is symptomatic at an early stage and is a rather slowly progressing malignancy with a high 5-year survival [4] . Most reported cases of endometrial cancers in tamoxifen users are in women with abnormal vaginal bleeding. However, we could not find any malignancy in symptomatic patients. On the other hand, the prevalence of atypical hyperplasia was significantly higher in symptomatic patients, while atrophy was more common in asymptomatic ones. The prevalence of hyperplastic polyps and simple hyperplasia was higher in symptomatic patients, but the difference did not reach statistical significance. Although uncertainty remains as to whether or not all tamoxifen-related endometrial cancer cases have a low aggressive behavior, there is, as such, no evidence that the early detection and treatment of asymptomatic endometrial cancers may confer a survival advantage. Therefore, many clinicians question the need for general screening [18] , basically because screening may do more harm than good in terms of unnecessary interventions, subsequent complications, increased cost and apparently being of no advantage to the patient. Hence, it is suggested that screening should be performed in those tamoxifen-taking patients who develop vaginal bleeding and in those who have preexisting endometrial pathologies [19] . Hence, the need to screen asymptomatic patients is not universally accepted. Much more importantly, because vaginal ultrasound scans give a great number of falsepositives, this could lead to the use of more aggressive and expensive procedures such as hysteroscopic-directed biopsy, whose cost/benefit ratio is not very favorable [20] . It has been shown that once the endometrium is abnormally thickened [16] , TVU would probably be false-positive because of subendometrial vacuoles. In almost 50% of the cases of endometrial thickening, there are no intrauterine lesions and the endometrium is atrophic on further assessment. It has been suggested that the normal endometrial cutoff point ( ! 5 mm in postmenopausal women) should be increased in women treated with tamoxifen, perhaps up to 8 or even 10 mm, in view of the false-positive TVU findings [21] . However, also in these cases, the only way to obtain a correct diagnosis is to do additional tests such as hysteroscopies; endometrial blood flow studies are not helpful unless there is a clear vascular pedicle to a polyp. Doppler flow studies as an endometrial surveillance tool in women receiving tamoxifen therapy have been tested but the changes are not specific for endometrial pathology. Tamoxifen induces significant reductions in the impedance of blood flow in the endometrial and subendometrial vasculature regardless of the presence or absence of endometrial pathology. This is probably due to a dilatation of the existing vascular bed [22] .
It has been shown that tamoxifen users are unlikely to develop endometrial hyperplasia or cancer during the first 3 years [19] , hence it has been advised to do yearly follow-ups with TVU after year 3 [20] . A hysteroscopy will be required, but others advise screening if vaginal bleeding occurs [19] . The American College of Obstetricians and Gynecologists [23] recommends that women taking tamoxifen receive a yearly gynecological examination, education about the endometrial risks of tamoxifen, and encouragement to report promptly any vaginal bleeding, spotting, staining or leukorrhea. Our shortterm (one-year) follow-up of patients on tamoxifen therapy showed a development of endometrial hyperplasia and polyps which was statistically significant. Hence, we suggest a longer follow-up study.
Due to this discrepancy, TVU alone is not an effective screening test for endometrial pathology in these patients and its application results in an undesirably high frequency of invasive diagnostic procedures. Several groups report that the use of intrauterine saline infusion and subsequent TVU can enhance the differentiation between space-occupying lesions in the endometrial cavity such as endometrial polyps and other endometrial pathologies in patients who were diagnosed by TVU to have a thickened endometrium [10, 14, 24] .
Conclusion
TVU is a sensitive method to evaluate the endometrial cavitary lesions, but often this modality does not provide the physician with sufficient diagnostic information. With higher sensitivities, specificities, and positive and negative predictive values, endometrial biopsy can be better applied than TVU for evaluating breast cancer patients taking tamoxifen.
